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Introduction 
This surface magnetic study in south-central Pike County, 
Ohio was undertaken for the purpose of confirming in much great-
er detail the presence of several significant magnetic residuals 
observed during an aeromagnetic survey by Rhonda Patterson. • 
(Patterson, 1980). 
1 
The survey covered approximately 130 square miles, essential-
ly 13 miles south by 10 miles west of the town of Waverly, Ohio. 
Using a Barringer Precession Magnetometer, the total component 
of the earth's magnetic field was measured along a grid system 
in which stations were spaced approximately 1/2 minute of lati-
tude by 1/2 minute of longitude. The grid system was subdivided 
further into 1/4 minute by 1/4 minute rectangles in areas where 
the readings were unusually high or low. Approximately 625 read-
ings were taken .. 
Due to the daily diurnal changes in the amount of electric 
current in the upper atmosphere and changes this causes in the 
surface geomagnetic field, a centrally located base station was 
established in which three daily readings were taken. Each day's 
data was then adjusted for the diurnal variation and the data was 
then adjusted for changes which occured over the period of the 
survey. 
A table for the IGRF values was calculated using the IGRF 
~values from Patterson's survey. Each reading in this survey 
was assigned an IGRF value and that value was subtracted from 
the adjusted observed value to produce the residual values. A 
contour map was then constructed. The major mortheast-southwest 
anomaly was modelled first assuming it was due to an intrusion, 
and secondly assuming it was due to faulting within the basement. 
Survey Location 
2 
The survey area covered approximately 130 square miles in 
south-central Pike County, Ohio. (Fig. l). The boundry lines for 
the survey area are from 38°57' to 39°07'30" North Latitude by 
83° to 83°10'30" West Longitude. The area includes all of the 
Piketon Quadrangle, the nothern 1/3 of the Wakefield Quadrangle, 
the northeastern 1/8 of the Rarden Quadrangle, and the eastern 
1/3 of the Latham Quadrangle. 
The town of Waverly, Ohio is located in the northeastern 
corner; the town of Wakefield in the southeast; the town of Mt. 
Joy in the southwest; and the town of Idaho in the northwest 
corneirof the survey area. 
Grid System Layout 
A grid system, 1/2 minute of latitude by 1/2 minute of long-
itude was laid out on the 7 1/2 minute quadrangle sheets, with 
projected station locations established at the intersection of 
the N-S and E-W lines of the grid system. 
Several factors were considered when laying off the grid 
system. The density of the stations should be large enough to 
delineate the major anomalies. In addition, the grid system for 
this survey was intended to be on a scale which would be comparable 
with Patterson's 1980 survey. Her readings were taken ~very .4 
km. or .24 miles. This spacing was along her flight lines. There 
was considerably greater separation than this between her dif-
ferent flight lines, however. (Fig. 2). 
In this survey, the grid system was spaced so that readings 
were 1/2 minute of latitude by 1/2 minute of longitude. This 
corresponds to approximately 1/2 mile by 1/2 mile. After the 
survey was covered at this interval, the grid system was split 
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Figure 1. Survey Location. 
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Figure 2. Patterson's 1980 aeromagnetic flight lines and IGRF 
values within this survey area, 
5 
up and readings were taken every 1/4 minute of latitude by 1/4 
minute of longitude in those areas exhibiting high and low values. 
One final factor for choosing this grid system pertains to 
the convenience in computing the value of the International Geo-
magnetic Reference Field (IGRF) for each station. Due to the 
lack of accessibility of certain areas, in part due to the rug-
ged terrain, in part due to the lack of owner's consent, and in 
part due to time constraints, the corners of the grid system were 
obtained in only 15 to 20% of the cases. 
465 out of a possible 484 readings were taken using the origi-
onal grid system with over 150 more readings taken when the grid 
system was split up. Most of those teadings were taken along the 
eastern edge of the map where the field drops off and in the cen-
tral and southwestern areas where the 
/ / Piketon Uranium Enrichment Plant and 
readings are higher. 
'\/ 
it·"~ Effect on the Survey. ?v 
If one looks closely at the residual map (Fig, B), there 
is a lack of stations on the eastern border of the map, especial-
ly in the central portion. This lack of stations is due to the 
Goodyear Atomic Corporation's Uranium Enrichment Plant in Pike-
ton, Ohio. This plant is pperated by the United States Depart-
ment of Energy and the security there is very tight. Permission 
to obtain readings was sought from the Department 6f Energy and 
permission was given to obtain readings only around the access 
roads. This eliminated about 10 stations from ~y projected survey. 
Another problem related to the plant stems from the large 
amount of electricity used in the enrichment process. Power 
lines come in from all directions into the plant with several 
substations around the perimeter of the plant near the access roads, 
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Figure 3. Surface magnetic residual map of south-central 
Pike County, Ohio. (Pennington, 1982). 
6 
The gradients set up by these lines were so great as to affect 
the magnetometer in distances of up to a 1/4 of a mile radius 
7 
of the lines, making accurate measurement of the earth's field 
impossible. Many of these power lines extended out into the sur-
vey area and at times prevented accurate measurements in the 
vicinity of these lines. 
e 
Surface Geology 
8 
The survey area, located in south-central Pike County, Ohio, 
is 
17 
to the south of the glacial bound~y in Ohio. The Scioto Riv-
er and its floodplain dominates the eastern 1/3 of the area. The 
Scioto River Valley is the main drainage basin for central and 
southern Ohio, flowing into the Ohio River 20 miles to the south 
of the survey area, While Pike County was not glaciated, the 
Scioto floodplain contains a large amount of outwash gravels. 
This outwash was carried downstream and deposited when the dis-
charge from melting glaciers to the north was greater during the 
Pliestocene. The gravels are being quarried extensively today. 
Within these gravels, there is a large amount of groundwater in 
storage. This groundwater is the main source of "cooling water" 
for the Ur@ium Enrichment Plant in Piketon. 
Several smaller streams flow into the Scioto River within 
the survey area. (Fig. 4). To the north, Pee pee Creek, which 
has been dammed, forming Lake White, flows from the northwest 
to the east, while in the center of the area, Sunfish Creek flows 
from west to east and Beaver Creek from east to west, and to the 
south, Camp Creek, flowing from west to east, empties into the 
Scioto River. There are also many smaller intermitten streams 
within the survey area. 
The western 2/3 of the survey area is a highly dissected 
plateau. Due to stream erosion, this plateau consists of low 
hills, whose elevations average about 1000 feet above sea level. 
These hills, at the present time, are in an active state of e-
rosion. Over a dozen debris flows, of varing sizes were noticed 
during the survey, with most of these due to man's actions, main-
ly through road cuts and cutting of trees on hillsides. Several 
of these flows developed during the survey, while others appear•~ 
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10 
to have moved periodically over the past several years, and sev-
eral older flows, now grassed and treed over, were recognized. 
The bedrock within the area is from two formations. The 
Ohio Shale, Devonian in age, is overlain by the Waverly Sandstone, 
which is Mississippian in age. The Ohio Shale located in this 
area is dark and contains kerogens. It is exposed where streams 
have eroded down through the Waverly Sandstone. (Fig. 5). In 
the past several years, test wells have been drilled in the area 
by North American Exploration. 
e 
Stratigraphy 
The basement rock, Precambrian in age,icensists of igneous, 
metamorphic, and sedimentary rock in Ohio. Within this survey 
area, the surface of the basement ranges from -3500 feet on the 
west to -4200 feet on the east. (Fig. 6) 
The Paleozoic rocks on top of the basement are Cambrian 
through Mississippian in age. As was stated int the Surface 
Geology section, both Devonian and Mississippian rocks exposed 
11 
in the area. The Ohio Shale, overlain by the Waverly Sandstone, 
is visible at the surface due to stream erosion. 
The overall stratigraphy of the Paleozoic rocks consists 
of transgressive and regressive sequences of sandstone, shale, 
add limestone. (Fig. 7) Although the rocks appear to be flat-
lying, they have been warped into gentle synclines, and anti-
clines by the Appalachian Orogeny. (Patterson, 1980). 
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Figure 6. Depth to the Precambrian basement. (Adapt-
ed from Botoman, 1975) 
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Previous Geophysical Studies 
14 
Most geophysical research in Ohio has been either gravity 
or aeromagnetic surveys and aeromagnetic studies have concentrat-
ed on determining basement structure and topography. The south-
central portion of the state was surveyed by Patterson (1980), 
(Fig. 8). The central portion was covered by Zietz and others 
(1966). Bromery and Mccaslin (1965) located the Greenville Front 
in northern Ohio by aeromagnetic survey. 
Several gravity studies have been conducted in Ohio. 
Heiskanen and Uotila (1956) produced a bouger gravity map of 
the state. From a large gravity anomaly in Fayette County, Pincus 
(1960) suggests that the Paleozoic structure might be related to 
the basement structure which caused the anomaly. From Heiskanen 
and Uotila's gravity map, Batsche (1963) concluded that the gravi-
ty anomalies are related to variation in density and mineralogy 
of the basement rocks. He also stated that anomalies within the 
sedimentary sections, from such features as faults and facies 
changes would have only a minor influence on regional gravity. 
Several seismic reflection studies have been conducted in 
nearby counties. Tobin (1961) included portions of Clinton, 
Fayette, Highland, Pike, and Ross Counties of Ohio. He conclud-
ed that topographic high exsists in the basement formed by 
erosion during the Late PEecambrian or Early to Middle Cambrian 
time. He also noted an increase in the amount of dip to the 
east which he believes could mark the boundry between the Cincin-
nati Arch er Indiana-Ohio Plateform to the west and the Ap-
, 
palichian Basin to the east. 
Mayhew (1969,, conducted another reflection survey in por-
tions of Champaign, Clark, Clinton, Fayette, Franklin, Green, 
Madison, Pickaway, and Ross Counties of Ohio. He found evidence 
-Figure 8. 
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16 
for possible faulting which cut the Precambrian basement rock 
and the overlying Paleozoic rocks. Mayhew believes the faulting 
took place after deposition of the TrentonlFormation with later 
periodic movement on the fault. 
Serpent Mound Structural Area 
The Serpent Mound Cryptovolcanic area, 15 miles west of 
this survey in Adams County and portions of the surrounding 
counties, was first mapped and given the term cryptovolcano 
by Bucher (1921). He believed its origin was due to deep seated 
explosive volcanic processes. In 1947, Dietz suggested the term 
cryptoexplosion structure, and believed the structure was caused 
by meteorite impac~. 
Several geophysical studies have been undertaken at Serpent 
Mound in order to better understand its nature and origin. 
Sappenfield (1950) did a surface magnetic survey of the area 
(Fig. 9). Sappenfield concluded from his survey that a basic 
magma was intruded into the upper part of the basement. 
Bull, Corbato, and Zahn (1967) conducted a gravity survey 
of the Serpent Mound area. (Fig.10). Their positive anomalies 
corresponds to the negative magnetic anomalies of Sappenfield and 
vice-versa. It has been suggested by Noltimier (1982) that the 
magnetic poles were reversed when the material was intruded which 
would account for this. 
Istok (1977) did a paleomagnetic survey of Serpent Mound. 
He concluded that there was two periods of activity, first 
deformation in the Carboniferous and then mineralization in the 
Jurassic. 
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Structural Setting 
18 
The ~egional basement structure in the Midwest consists of 
arches and basins (Figs. 11&12). In Ohio, the Cincinnati Arch 
dominates the western half of the state while on the eastern half, 
the Appalachian Basin dominates. The Cincinnati Arch, with an 
approximate north-south axial trend, splits in western OUio with 
the eastern branch, called the Finlay Arch, trending approximate-
ly N30E. The Finlay Arch continues into Canada where it is term-
ed the Algonquin Arch. The western branch called the Kankakee 
Arch, has an axial trend of approximately NSOW. It extends 
through northern Indiana and into Illinois. Many previous stud-
ies have been conducted on the Cincinnati Arch and several of the 
more important ones are listed below. 
Locke (1838) was the first to propose that an arch exsist-
ed, with an anticlinal axis in Ohio and Indiana. From studies of 
the thickness of Paleozoic rocks in Kentucky, Tennessee, and 
Indiana, Newberry (1863) also eoncluded that an anticlinal axis 
exists along the Cincinnati Arch. 
The idea that the arch was formed on a Precambrian ridge 
was proposed by Wasson (1932), who based his evidence on two 
drill holes in Sandusky and Clark Counties, Ohio. This theory 
of a ridge was also supported by Laffertyy{l941). 
Another theory for the formation of the Cincinnati Arch 
was proposed by Stout (1941). He concluded that instead of the 
arch being uplifted, it remained relatively stable, and that 
subsidence dme to deposition of sediments in adjacent basins led 
to the formation of the arch. 
Subsidence of the granitic basement was proposed by Lockett 
(1947). He concluded that this resulted in the formation of-the 
Chatam Sag at the north end of the Findlay Arch. 
Fi g ure 11 . Structural setting of the 
Mid west (After Rudman et g, 
1 965) . 
Fig ure 12. Depth to 
Mi dwest. 
100 200 r,i ;/,s 
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the Precambrian basement in the 
(A f ter Rudman et g, 1965). 
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Based on well logs, Green (1957) suggested that the struct-
ure of western Ohio was not an arch, but a broad relatively un-
warped plateform which he labeled as the Indiana-Ohib Plat"Iform. 
<Y 
In another study based om~well logs, Woodward (1961) identi-
fied an anticlinal arch during the Palozoic which he named the 
Waverly Arch. The arch was located east of the Cincinnati Arch 
and trended north-south. rt:ls width was 60 to 80 miles,with a 
north-south length of 300 miles, and an amplitude on the arch of 
about 750 feet. The arch was uplifted in Middle Cambrian and sub-
sided in the Middle Ordovician. Woodward also disputed the ex-
istence of the Cincinnati Arch. Later work by Calvert (1974) 
disputed the existence of the Waverly Arch. Calvert suggested 
that instead of an anticline, an eroded river valley was actual-• 
ly the cause for the thinning of sediments which had first lead 
Woodward to describe the Waverly Arch. Existence of the arch 
was also disputed by Mayhew (1969) in a seismic reflection~sur-
vey. 
The Precambrian rocks of the basement have been dated in 
several studies. Bass (1960) determined from dating of the micas 
of metamorphic rocks that their ages ranged from 870 to 940 
million years ago, which corresponds to the age of the Greenville 
rocks in Canada. From these dates he extended the boundry of the 
Greenville Front from Canada where it appears at the surface, 
south into Ohio where the basement rocks are covered by the 
Paleozoic sec~ion. 
Rudman g ai;--(1965) also separted the basement rocks by 
age. Those rocks to the west of alline running from Lake Huron 
to western Kentucky with ages of 1.2 to 1.3 billion years were 
placed in the Superior Province. Those ricks to the east of 
this line, with ages of 870 to 940 million years were placed 
within the . G-re n vi 11 e Prov inc e , 
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The Precambrian rocks were divided into two provinces based 
on lithology by McCormick (1961). Those rocks on the eastern 
side of a line through Sandusky, eastern Champaign, central Clark, 
and western Green Counties, consists of marble, horfels, amphi-
bolite with gneiss and pegmatite; while rocks to the west con-
sists of granite, volcanic rocks like syenite, latite, trachyite, 
and small amounts of biotite schists. 
B~toman (1975) conducted a study on the Precambrian and 
Paleozoic stratigraphy and the potential for mineral deposition 
along the Cincinnati Arch. 
Several studies have been conducted to determine the depth 
to the Precambrian basement in Ohio along with mapping ~he base-
ment rock type distribution. These sutdies have relied pri-
marily on the deep wells drilled into the basement in Ohio. 
Summerson (1962) produced a map of the basement contoured on the 
500 foot level along with rock type distribution for the basement. 
Botoman (1975) also prodaced a map of the Precambrian base-
ment along with rock type distribution. His map was contoured 
on the 100 foot level with additiot1al well data included. 
These are some of the more important studies done on the 
structure in western and central Ohio. There were many more 
minor studies which are not included. In addition, there are 
other structural studies listed in the Previous Geophysical Stud-
ies section. 
Magnetism of the Earth 
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It is generally recognized that tge earth's magnetic field 
consists of three parts: 
(1) The main field, of internal origin, which varies 
s 
slowly through time but can rapidly reverse polarity 
at irregular intervals. The main field is believed 
to be due to convective currents within the liquid 
outer core, which operates similar to F~raday's self-
exciting disk dynamo. (Fig.13). 
(2) The external field~ originating outside the earth's 
surface, is only 5% of the main field. The ex~ernal 
field varies rapidly and is partly random and partly 
cyclical. The effects of the external field on sur-
veying will be discussed in a later section. 
(3) Variations of the main field caused by local magnet-
ic anomalies in the near surface crust and are usual-
ly constant in time and place. (Telford~ al, 1976). 
There is a larger discussion of the anomalies en-
countered in this survey in the Modelling section. 
Elements of the Main Field 
The earth's magneti~ field can be divided up into several 
components. F, is the magnttmde of the field. I, is the inclinat-
ion of the field as measured from the horizontal. D, is the dec-
lination or the angle of the field with respect to geographiaal 
north. (Fig.14). In this survey area, the declination is 6.5° 
as calculated for 1981 and the inclination is approximately 60° 
in Ohio. 
The north magnetic pole, at the present time, is the source 
of south seeking flux or is a negative pole. The south magnetic 
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Figure 14. Components of the Earth's Magnetic Field. 
24 
z 
25 
pole is the source of north seeking flux or is a positive pole. 
The lines of magnetic force emerge outward from the surface at the 
south magnetic pole while at the north pole their direction is in-
wards towards the surface. Inside the core, magnetic flux com-
pletes the circuit from north to,.eaohh. 
The geomagnetic field resembles a dipole whose south and 
north magnetic poles are located approximately at 78 1/2°N, 69~W 
and 78 1/2°S, 111°E, the axis being inclined 11 1/2° to the 
polar diameter, and its center displaced off axis 300 km. towards 
Indonesia. The dip poles, or the north and south magnetic pcles 
are presently located at 75°N, 101°W and 67°S, 143°E. (Telford 
et ~' 1976). 
The magnitude of the field at the north magnetic pole is 0.6 
oersteds, while at bhe south magnetic pole the field is 0.7 
oersteds. The minimum value is about .25 oersted and occurs in 
the Pacific off the coast of northern Chile. The field is great-
er than 3 oersteds in several places due to near surface mag-
netic anomalies in the crusjz. The lines of zero inclination or 
where the field is horizontal lie within a range of !l}o to 15 ° 
north and south of the equator. (Telford g al, 1976). 
The External Magnetic Field and its Effect on Magnetic Surveying 
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The external magnetic field which comprises less than 5% of 
the earth's total magnetic field, still must be taken into ac-
count when conducting a magnetic survey. The external field 
seen at the earth's surface is generated outside the earth by 0 
mainly the sun. Variations at the surface are caused by inter-
actions of the solar wind with the ionosphere. The solar wind 
carries solar magnetic flux to the earth and distorts the earth's 
field. Listed below are several effects caused by the sun and 
moon along with a discussion of how each of these effects were 
adjusted for. 
Increased sunspot activity, having an 11 year cycle, can 
disrupt a survey. According to Patterson (1980), we are sup-
posedly just past a peak period of increased activity. 
Another type of variation results from magnetic storms. 
Magnetic storms, associated with the aurora displays, occur er-
ratically, sometimes involveing ambient field changes with amp-
lititudes of 1000 gammas or more. (Telford~!!.!_, 1976). No 
magnetic storms were noticed during this survey. 
Variations of lunar origin, caused by the moon's effect on 
the ionosphere, varies by about 2 gammas. This variation, hav-
ing a period of 25 hours, is cyclical throughout the month. 
(Telford~ al,1976). In careful gravity .g'ilrveying, the moon's 
effect on the earth's gravity is large enough, (O.l milligals), 
to be considered important. However, in magnetic surveying, the 
variation of 2 gammas is so small that it is regarded as un-
important, so that in this survey the lunar variation wasn't 
corrected for. 
The main cause for variation in the earth's external field 
arises from diurnal variation due to the sun. This variation 
is caused by the sun's effect on the ionosphere. Simply put, 
at night, when the sun is on the other side of the earth, the 
ionosphere expands in the plane of the ecliptic because of the 
decrease of charged particles in the ionosphere on the dark 
side of the earth due to shielding by the earth. This results 
in a decrease of the total field values. During the day, the 
ionosphere i~ compressed in the plane of the ecliptic due to 
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the bombardment of charged particles upon the earth's ionosphere. 
Consequently, the total field values increase. North and south 
of the ecliptic plane, the ionosphere behaves in an inverse man-
ner and so does the field. We are at 40° (23° north inclination). 
As was observed by Sappenfield (1950) and in this survey 
as well, the total field readings at the base station started 
out relatively higher during the morning and decreased during the 
morning until the values reached their lowest point around noon 
and began to rise again during the afternoon. A graph of the 
daily base station readings, when plotted, represents a U-shaped 
curve. (Fig.15). Sappenfield found the daily change ranged from 
20 to 100 gammas depending on the season. In this survey the 
mean daily change from the morning readings until the midday 
readings was 14 gammas while the mean daily change from the mid-
day reading to the final reading in the evening was 23 gammas. 
In this survey, in order to correct for diurnal change, 
one base station was established and 3 readings a day were tak-
en, one in the morning, one around noon, and one in the late 
afternoon. Based on these 3 readings, a curve of the diurnal 
change was plotted. All other readings taken during that day 
were then plotted on a graph. Each day's readings would then 
be adjusted downward to a straight line equal to the midday 
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Fi g ure 15. Comp ariso n o f diurnal va ria t i on bet ween Sappenfield's 
1950 surve y and Pennington's 1982 surve y . 
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- base station low reading for that particular day. 
Due to the size of the area, 130 square miles, the midday 
base station reading was not always taken at noon each day. In 
fact, the midday readings ranged from 10:30 am to 1:30 pm. 
Partially_ because of this, the daily low ranged from 55792 gam-
mas to 55746 gammas, with the mean daily low of 55774 gammas and 
the standard deviation of± 9 gammas. This wide time range for 
the midday readings may have masked any slight change in the 
field over the survey period. To correct for this large var-
iation in midday readings, the mean low of 55774 gammas was 
chosen as a standard low against which all the readings were 
adjusted to. Consequently, on a day when the daily base station 
low was 55778 gammas, all data taken that day would be adjusted 
downward by 4 gammas. If a daily low was 55770 gammas, all read-
ings for that day would be adjusted upward by 4 gammas (See 
appendi~)~. 
e 
The IGRF Field 
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In 1965, the International Association of Geomagnetism 
and Aeromomy adopted an internationally accepted reference field. 
This was done to provide a uniform reference field for isolat-
ing local magnetic anomalies. 
origin. (Zmu4a, 1971). 
This field is entirely internal in 
The IGRF values in this survey were calculated from Patterson's 
1980 survey. The IGRF field values change through time, but the 
change between the time of her survey and this survey is small and 
only a few gammas. Flight lines from Patterson's survey within 
the area bounded by this survey are shown in figure 2. There 
are approximately 3 values along each of the borders of the map, 
as well as two values near the center. Fr.om these values, the 
north-south gradient was calculated in the western, central, and 
eastern sections of the map. Also from these values, the east-
west gradient was calculated for the northern, central, and 
southern portions of the survey area. 
r 
The north-south gfadient on the western edge is 6 gammas/ 
minute of latitude, in the center, 7 gammas/ minute , and on the 
eastern edge 9,8 gammas/minute of latitude. The mean value is 
7.6 gammas and the standard deviation is± 9.5 gammas/minute 
of latitude. 
The east-west gradient in the northern portion of the map 
is 1.3 gammas/minute of longitude, in the center, 1.6 gammas/ 
minute, and in the southern portion, 2.4 gammas/minute of long-
itude. The mean value is 1.7 gammas/minute and the standard 
deviation is± 2,2 gammas/minute of longitude. 
The north-south gradient value of 7 gammas/minute of lat-
itude in the central portion of the map was chosen as the north-
south gradient value for the whole map area. Likewise, the 
e 
east-west gradient value of 1.6 gammas/minute of longitude, in 
the central portion of the map was chosen as the east-west grad-
ient value for the entire map area. A table of the north-south 
31 
and east-west gradient values were then calculated for each square 
of the grid system. (Table 1) 
Overall, the IGRF field values decrease from north to south, 
and increase from east to west. Therefore, in the northeast 
quadrant, the N-S gradient values are positive while the E-W 
values are negative. In the southeast, the N-S and E-W gradient 
values are both negative. In the southwest, the N-S gradient 
values are negative while the E-W values are positive. Finally, 
in the northwest quadrant, the N-S and E-W gradient values are 
both positive. 
Because the N-S gradient is larger than the east-west grad-
ient, 7 gammas/minute. of latitude to 1.6 gammas/minute of long-
itude, the IGRF value for the center of the map was chosen from 
the north-south gradient. This value is 55181 gammas. The N-S 
and E-W values for each square of the grid system in table 1 were 
added -together. These values were then added to this value of 
55181 gammas to compute the IGRF values for each square of the 
grid. (Table 2) 
The observed values were assigned an IGRF value depending 
upon which square in the grid system a reading was taken in. 
Once the IGRF values were assigned to each station location, 
this value was then substracted from the observed value to pro-
duce the residual magnetic field value for each station. These 
. ,x d h 
residual field values are plotted in the append~ an on t e 
residual map in the back of the thesis. (Plate 1) 
32 
Table 1. N-S and E-W IGRF Gradient Values. 
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Magnetic Properties of Rocks 
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The magnetic field from a body or bodies of rock results 
from two sources, the induced field and the remanent magnetization 
of the rock. This relationship can be expressed in the follow-
ing formula by, 
J= Jr+ KT 
where J = the intensity of magnetization, or the magnetic moment 
per unit volume in e.m.u./cm 1 ; Jr= the remanent magnetization of 
a rock; K = the volume susceptibility which is defined as the 
magnetic moment aquirred by unit volume (1 cm 3 ) when placed in a 
field of one oersted; and T = the field strength in oersted. 
(Griffiths and King, 1965) 
Induced Magnetization 
The induced field is dependent upon two factors, the sus-
ceptibility (K) and the force of the earth's magnetic field (T). 
Several factors affect the susceptibility such as the type of 
ferromagnetic minerals, the size of the magnetic minerals, and 
their distribution within a rock. The susceptibility for ig-
neous rocks is greater than that for metamorphic rocks and like-
wise the susceptibility for metamorphic rocks is greater than 
for sedimentary rocks. The susceptibility for the overlying 
sedimentary rocks in this survey area is so low that it is un-
important and can be ignored altogether. The volcanic, igneous 
and metamorphic basement rocks in south-central Ohio have sus-
ceptibilities ranging from 10-¥to 10- 3 • (Patterson, 1980). 
Remanant Magnetization 
There are several different types of remanant magnetism. 
The main type in igneous rocks is thermoremanant magnetism (TRM). 
TRM results from the magnetic minerals orienting themselves in 
e 
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the same direction as the earth's geomagnetic field when cooled 
from a magma. 
The polarization of the rocks in North America was deter-
mined by McElhinney (1973). The approximate age of the base-
ment rocks in south-central Ohio is 1 billion years old. At 
that time, the latitude of the area ranged from 1° to 11°N, with 
the magnetic inclination ranging from 0° to 20°. Therefore the 
TRM of the basement rocks in Ohio is assumed to be 10° from the 
horizontal and near east-west in azimuth. (Patterson, 1980). 
In an aeromagnetic study by Harvey (1980) in Elliott County, 
Kentucky, peridotite of Mesozoic age was intruded into the sur-
rounding rock. The field was polarized horizontally to the north 
as opposed to the east-west polarization of the Precambrian 
basement rocks. 
e 
Magnetic Modelling 
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The major northeast-southwest anomaly (Fig. 3) has been 
modelled assuming first that it is caused by an intrusion and 
second, it is the result of faulting within the Precambrian base-
ment 
Int.rusion 
When modelling a magnetic anomaly, there is usually sev-
eral unkown variables. This is especially true when a body 
which is producing an anomaly is buried below the earth's sur-
face. This is.the case in this survey where there are no known 
outcrops of highly magnet~c material at the surface. One is 
left with a map of the residual values and must determine from 
that map the simplest geologically plausible explanation for 
the anomalies shown. Figure 16 lists some simplified models 
and their resulting profiles. From.figure 16, case 2 seems to 
be the best simplified model for the anomaly whose cross-sect-
ions are shown in figures 17 through 19. 
Several assumptions are made if the anomaly is modelled 
as an intrusion. The map is a total field map, however, the 
anomaly is modelled only on the vertical field. The vertical 
component of the total field comprises approximately 60% of the 
total field at this latitude. Therefore any changes in the ver-
tical field will affect the total field. 
If the anomaly is assummed to be caused by an intrusion 
similar to the Elliott County peridotite, it would have a sus-
ceptibility of 10-\auss/oersted. (Noltimier, personal communi-
cation). 
,· ! 
It's orientation is NlOE to Nl5E in the long dimen-
sion and is horizontally magnetized northwest to southeast. 
The intrusion is believed to have been intruded in the Late 
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Figure·16. Possible theoritical cases used in modelling. 
Paleozoic or Early Mesozoic which is similar to the Elliott 
County peridotite. 
The anom~ly was modelled as if it is a prism of finite 
length and thickness, similar to a dike, using the standard di-
pole formula, (Fig.20), 
where, 
/iI/ /(2Mc~~0x + (Ms!~0f X 10! gammas 
1m = magnitude and direction of the total field 
strength in gammas. 
M = the magnetic moment of the body= 2J(lwt). 
J = magnetic susceptibility of the aody. 
2(lwt) 
1 
the volume of the body 
1/2 length, perpindicular to the long 
direction. 
w = width in the long direction. 
t thickness of the body. 
9 = tan Z/X 
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r = the radius away from the center of the body= )x·+ Z2 
X = the horizontal distance away from the center 
of the body. 
Z = the depth to the center of the body. 
The anomaly was modelled using cross-section A-A (Fig. 17), 
at three different lications, 3 km. west of the center, 3 km. east 
of the center, and at the center, using the vertical magnetic 
field. The center is assumed to be 1/2 way between the high and 
low around the 350 gamma line on the residual map (Fig. 3), 
The equation for the vertical magnetic field consists of, 
Hv = H co SA 
where H = the total field,'u = 90-(8+~), and~= tan (l/2tan9), 
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When modelling this anomaly, several facts should be under-
stood about the computed values from the dipole formula. The size 
of the anomaly is going to vary with the volume of the body pro-
ducing it as well a& the depth of the body below the ground sur-
face. The values for the volume, (length, width, thickness), 
as well as the depth were arrived at through a process of trial 
and error. Different values for the volume and depth were plug-
ged into the formula until values for the field were found which 
closely approximated the total change of the anomaly. 
The values of 8 and r will vary with the distance away from 
the center of the body as well as the depth, and is therefore 
dependent on the depth. Therefore, the values within the dipole 
formula, M, 8, and rare dependent upon the values chosen. 
From the information given above,it would be foolish to 
state one volume and its corresponding depth and say that this 
is the absolute depth and volume. Therefore, figure 21 is a 
graph of depth verses magnetic moment which would produce a 
change of± 450 gammas, or a 900 gamma total change. From the 
graph it should be noted that an intrusion, with a magnetic 
moment of 6.125 X !Ou gauss/cm~ would be found .0625 km. or 205 
feet below the earth's surface, which is probably too close to 
the surface. This implies, however, that the magnetic moment of 
the body is at least 6.125 X !Ou gauss/cm3 with the likelihood 
that it is greater, since the intrusion is believed to be at a 
greater depth. 
Possible Faulting 
From Patterson's 1980 aeromagnetic survey, she believes 
that the Hickman-Bryan Station Fault zone, present at the sur-
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Figure 21. Graph of Magnetic Moment Verses Depth to Intrusion. 
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face in northern Kentucky, which abruptly ends at the Ohio River, 
may extend below the surface into southern Ohio. 
If the anomaly in this survey is modelled assuming there 
is a fault in the Precambrian basement, the formula used is 
AZ 
2rr(Jx) 
= T 
D 
where Z = 1/2 the total change of the anomaly= 450 gammas; Jx = 
the intensity of magnetization= 565 gammas (Patterson, 1980); 
D = depth to the basement= 4000 feet; T = the throw on the fault. 
4000' 450( = T 
2~(565Y) 
The throw on the fault would be 507 feet. 
Conclusions 
From this surface magnetic survey, there could be at least 
twp possible interpretations to explain the anomaly shown on 
the residual map. The anomaly could be the result of an in-
trusion of peridotite below the surface similar to the Elliot~ 
County peridotite exposed at the surface in Kentucky. This in-
44 
trusion was Mesozoic in age and if there is an intrusion in Pike 
County, it would be similar in age. Another possible explanat-
ion is that the anomaly could be caused by subsurface faulting 
which cut the Precambrian igneous basement. Several studies 
which would support either explanation are listed below. 
In an aeromagnetic study in Elliott County, Kentucky, 
Harvey (1980) studied a peridotite dike outcropping at the sur-
face. From whole rock age dating and the direction of mag-
netization of the peridotite, -she determined that the dike 
was between Middle Permian and Triassic in age. She believes 
that these dikes are part of a larger scale intercontinental tec-
tonic system and that they were intruded along a major zone 
of crustal weakness. 
A paleomagnetic survey of the Serpent Mound Structural 
area by Istok (1978), 15 miles west of this survey area, found 
evidence for chemical remanent alteration of two Silurian form-
ations. He found two periods of activity at Serpent Mound, first 
during the Carboniferous when the structure formed and in the 
Upper Triassic when iron and zinc bearing fluids were intruded 
along existing fault planes. 
Sappenfield (1950) concluded from his surface magnetic 
survey of Serpent Mound that the structure was the result of 
an intrusion of basic magma within the basement. 
Supporting evidence which would indicate faulting can be 
C 
/ited from Patterson's 1980 aeromagnetic survey. She suggests 
that tbe Hickman-Bryan Station fault zone, which is at the sur-
face in northern Kentucky and abruptly ends at the Ohio River, 
45 
may extend below the surface into Ohio. She sites as supporting 
evidence the subcrop pattern of the Rose Run sandstone above the 
basement which follows the trend of her northeast-southwest 
anomalies. She believes that this depositional pattern may be 
controlled by faulting. (Figs. 22&23). 
Mayhew (1969) found evidence for possible faulting which 
occured after deposition of the Trenton and which cut the base-
men~, in a seismic reflection survey in portions of several count-
ies northwest of this survey area. 
What can be stated from this survey is that if there is an 
intrusion, the volume of the material would be at least 6.125 X 10 1~ 
cm3 in size. If there is faulting within the basement, the 
throw on the fault would be approximately 507 feet. Further 
studies such as gravity and/or seismic could help determine the 
nature of the subsurface. 
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Figure 22. Structural features 
Kentucky (Patterson, 
of Northeast 
1980). 
Figure 23. Subcrop of the Rose Run 
Sandstone (Patterson, 1980) 
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Instrumentation Specifications 
This survey cas carried out with the use of the Barringer 
Precession Magnetometer, (GM-122). The instrument measures the 
total field within a range of 20,000 to 99,999 gammas. It has 
an accuracy of+ 1 gamma. The ~erating temperature range ex-
tends from -40°F up to 131°F. The magnetometer can withstand 
gradients of up to 600 gammas/foot. The readings are displayed 
on a 5 digit LED readout. When the gradient is too high, only 
the first two numbers are displayed. A switch within the unit 
47 
can display readings every 3 seconds or every 6 seconds, depend-
ing on which cycle rate is desired. The instrument is portable 
and is powered by 12 "D" cell batteries (1.5 volts each). The 
magnetometer consists of a PVC sensing head containing 600 ml. of 
kerosene mounted on a 6 foot brushed aluminum pole. The sens-
ing head is connected to the instrument "box", worn by the op-
erator, and is connected by means of an insulated coiled wire. 
The total weight of the unit, including the batteries, is 11 
pounds. (Barringer Operations Manuel) 
Operating Principles of Total Field Magnetometers 
The precession magnetometer was developed in 1954 by 
Packard and Varian. Their instrument was based on the original 
discovery in 1945, that some nuclei have a net magnetic moment, 
and when coupled with their spin cause the nuclei to precess 
about an axial magnetic field. (Telford~ al, 1976) 
The nuclear precession magnetometer measures the free-pre-
cession frequency of protons which have been polarized in a 
direction perpendicular to the direction of the earth's field. 
When the button on the instrument "box" is depressed, an elec-
tric current of one ampere is passed briefly through the coils 
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located in the sensing head. This charge has the effect of polar-
izing the protons. This alignment lasts for about a second and 
the charge is then abruptly ended. As this polarizing field 
decays, the protons precess, like a spinning top, with the 
earth's field supplying the precessing force (Fig.24). The 
precession angular velocity (w), is related to the strength of 
the field by the equation, 
4~f/Vp = F (2nf = w) 
where Vp is the gyromagnetic ratio of the proton, and Fis the 
force of the earth's field. A small emf is induced in the coils 
surrounding the fluid at the same frequency (f) as that of the 
precession. This signal is amplified, the precession frequency 
counted, and then displayed as a digital readout (Fig.25). 
The precession magnetometer has the advantage over flux-
gate, torsion, and vertical magnetometers in that it's sensi-
tivity is approximately± 1 gamma, without modifications it 
measures the total field, it has a large temperature range, and 
it requires no leveling. (Telford~ al,1976). This means that 
the precession magnetometer doesn't require that the data be 
corrected for the temperature changes. During this survey, which 
was conducted during the autumn of 1981, the temperature range 
was from 15°F to 70°F. 
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